on the seedling-sapling distribution of Dacrydium pierrei to get reference for its adaptive management with the intense extreme climate change.
seedling growth opportunities [12] . Therefore, a suitable growth environment is critical to species regeneration and succession, especially for seed and seedling.
However, finding out how the environmental variables affect the seedling-sapling distribution is important. Most vegetation models are state-of-the-art tools used in ecological and forest ecosystems. In the past decade, many different types of factors have been used to evaluate the response of vegetation to climate change [13] . At the same time, the methods of developing equations to describe for environmental factors and their influence on plants distribution have evolved from simple least squares regression to seemingly unrelated regression (SUR) models [14] [15] . The key to model fitting istoanalyze the main components of model. Principal component analysis (PCA) is a multivariate technique that analyzes a data table in which observations are described by several intercorrelated quantitative dependent variables [16] . Principal components are often used as a dimension reduction device to obtain a smaller number of variables for input to another analysis [17] . Another method is Gaussian mixture model (GMM), which is a good method for describing the situation of seedling-sapling distribution [18] . The data can naturally be modeled as a low-rank plus a sparse contribution by important applications method. Robust principal components fitting our model are sought by all the statistical applications [19] . However, few studies have applied PCA and GMM modeling to describe seedlingsapling distribution from our knowledge.
Spatial and temporal patterns of seedling survival suggest that exposure to high sunlight may exacerbate lowtemperature and water stress in young conifer seedlings [20] . Below ground invertebrates, soil nutrients and seedling distribution have mixed effects with them [21] . Environmental conditions such as trees positions have multi effect on seedling distribution [22] . Both topography and relative locations of habitat patches features affected bird behavior and seed dispersal and seedling distribution [23] . A topographical moisture gradient has relationship with the distribution of seedling establishment shapes [24] . Seeds dispersed in a forest floor mosaic of litter depths that form an obvious barrier to plant seedling recruitment [25] . Therefore, we should give a good summary for the relationship between environmental variables and seedling-sapling distribution.
Dacrydium pierrei belongs to the family Podocarpaceae, and is distributed in Oceania, South America, Indo-China, and Southeast Asia. This species is the only representative of this genus in China. At present, it is distributed in the rainforests of Jianfengling, Bawanglingand Diaoluo Mountains, which are located in the southern part of Hainan Province [26] [27] . This species is classified as a third-class rare and endangered plant in China [28] . The wood of Dacrydum pierrei is an excellent material for high-grade architectural work and handcrafting [29] . Since the 1960s, the abundant tropical forest resources of China have been severely damaged by excessive deforestation, typhoons, and other external forces, leading to a significant reduction in natural forest resources [30] . As a result of deforestation, Dacrydium pierrei natural forests have been destroyed. The reduction in the size of forested areas threatens the natural evolution, survival and development of this species. Consequently, Dacrydium pierrei could become extinct in China. Now, the research on Dacrydium pierrei is still in initial stage. Researchers have primarily focused on the forest community structure characteristics [30] , population genetic diversity [31] , palynological analysis and the origin of evolution [32] . Several studies about environmental variables and seedling-sapling distribution have been conducted in Costa Rica, Canada and Finland [33] [34] [35] . A model was developed to predict tree response to a synthetic environmental variable generator [33] . Providing quantitative estimates of changes in lake water chemistry, soil variables relating to past vegetational shifts [34, 36] . From the perspective of landscape heterogeneity and habitat cover [37] [38] , there is little research like that in China. Thus, to provide relevant guidelines to improve the management of Dacrydium pierrei natural forests, the current study is aimed at finding how the environmental variables effect seedling-sapling distribution of Dacrydium pierrei. Besides, the usefulness of model depends strongly on their ability to predict the seedling-sapling distribution correctly under different environment scenarios. Thus, the major objectives of this study wasto: (1) develop a new model for modeling seedling-sapling distribution based on environmental factors and seedling trait; (2) simulate the distribution patterns of the seedling-sapling of Dacrydium pierrei in Hainan. (3) investigate the response of forest ecosystems to a changing environment through sensitivity analysis.
Materials and methods

Study area and sample selection
The research area is located in the National Nature Reserve of Bawangling, Hainan Island, China (109.189°-109.201° longitude and 19.089°-19.096° latitude) [39] . Based on the meteorological observation data from 1970 to 2016 at the weather station of the Wulie forest farm. The area has a tropical monsoon climate with an annual mean temperature of 23.6 °C. The average temperature of the coldest month (January) is 18°C. The average temperature in the hottest month (July) is 28.6°C. The average annual rainfall is 1500-2000 mm. The precipitation is at most in July or August (626.2 mm), annual evaporation is 1596.8-1646.5 mm; average relative humidity is 76%-82%; average annual sunshine is 2000-2300 h (Figure 1) . The forest area of Bawangling is large, land types are complex. There is a big difference between vertical and horizontal directions microclimate. You will be feeling the heat at the foot of the mountain, but it is cold on the top of the mountain. The forest will encounter typhoon, frost, coldair outbreak occasionally [31] .
The 
Field investigation
A comprehensive survey of Dacrydium pierrei individuals distributing in the two 2.5-km-long line on both sides of the ridge was acted in October 2013, Dacrydium pierrei was found only in the ridge and uphill, it was rarely found in the middle and lower slopes, few seedlings under the land, only one relatively concentrated area of Dacrydium pierrei seedlings was found, and then the area was investigated in March 2014. Taking the ridge line as the center line, extended 35m (horizontal distance) on both sides, setting up the sample plot with the horizontal area is 100m x 70m. The average elevation of plots is 1240 m, ridge direction is from northwest to southeast, and both sides of the ridge slope are about 40 degrees. The plots were divided into 70 continuous sampling with 10m x 10m, each samples were further divided into 4 small squares with 5m x 5m, numbering each sampling point, and recorded the spatial coordinates of the sample points ( Figure 2 ).
We carry out wood seized feet for all Dacrydium pierrei individuals in the forest (diameter at breast height (DBH), tree height, crown width), recorded the coordinate data of each Dacrydium pierrei. According to DBH and tree height, we classified Dacrydium pierrei into (Height ≤ 50cm) seedlings and saplings (DBH ≤ 10cm, Height > 50cm) and mature tree (DBH > 10cm) 3 growth stages. Because of the temperature, light, humidity, moisture and rainfall anomalies or the barrier of forests or ground cover, the litter makes seeds difficult to take root and germinate, and then affect the distribution of seedlings and saplings. Five quadrant were randomly selected in each plot (10m x 10m), soil was sampled in 0-10 cm depth, the 5 duplicate samples are fully mixed and then loaded into a soil bag (about 200g) for laboratory analysis. Environmental factors (same as soil sampling scale factor) that thickness of litter, herbaceous layer coverage, canopy density, air temperatures, soil temperatures and soil moisture content and illuminance of four 5m x 5m plots were determined by hand held soil temperature and humidity measuring instrument (average value of four points selected randomly) etc. There were measured and calculated the average value by analysis process.
Laboratory experiment
We determinate soil chemical indicators in the laboratory, the available potassium acetic acid ammonia leaching absorption spectrophotometry with atomic, inorganic nitrogen, ammonium nitrogen, KCl extraction method was used to measure nitrate nitrogen, the extraction solution was determined by AA3 continuous flow analyzer. Inorganic nitrogen content was got by adding nitrate nitrogen to ammonium nitrogen. Organic matter was determined by potassium dichromate. Rapidly available phosphorus was measured by sodium bicarbonate leaching with molybdenum antimony colorimetric method. After that, eighteen environmental variables (litter thickness, herb coverage, canopy density, air temperature, illuminance, soil temperature, soil water content, inorganic nitrogen, ammonium nitrogen, nitrate nitrogen, available phosphorus, available potassium, organic matter, altitude, longitude, latitude, slope, aspect) were obtained. The 18 environmental variables are defined as X 1 -X 18 respectively.
Factors measurement of Dacrydium pierrei
Dacrydium pierrei seeds mature in October. Mother trees were selected in the sample to collect healthy seedsin the October of 2014. We cleaned seeds manually and stored it in darkness with room temperature until sowing in a laboratory experiment conducted in 2015. A site was selected for collection of soil samples in October 2014. We sampled the soil using shovel. Samples were taken back to the laboratory. Soil samples were used in a control experiment for seedling emergence. Before the experiment, soil was sterilized in an oven for 72 h at 80°C to kill any plant seeds [40] .
The experiment was conducted using a random sampling method to investigate the effects of moisture conditions on seedling emergence. A phytotron (E15 controlled environments. Ltd. Canada) was used to automatically control the relative humidity of the air. Moisture conditions consisted three treatments: moist (air relative humidity: 90%), dry (air relative humidity: 50%) and intermediate (air relative humidity: 70%). Two trays were used to contain bare soil (control) with ten replicates for each substrate treatment for each moisture treatment. There were 30 experimental units in three moisture treatments in total.
In November 2014, thirty plastic trays sized 19 x 13.5 x 7 cm 3 were filled with thin sterilized soil (soil thickness: 2.01 ± 0.15 cm). The soil was saturated with distilled water. Thirty additional plastic trays were filled with sterilized soil (soil thickness: 5.03 ± 0.38 cm). Soil water content underthe various relative humidity conditions was measured using the conventional oven-dry method. Soil moisture states were divided into three classifications, moist, intermediate and dry, having soil water content of 58.4% ± 2.7%, 45.3% ±1.8% and 17.2% ± 1.4%, respectively.
Dacrydium pierrei seeds were disinfected using 0.5% concentration potassium permanganate for one hour washed with sterilized water repeatedly and dried, and then 100 seeds were randomly sown in each plastic tray by carefully placing them with forceps. The trays were kept without lids over the experimental duration to maintain adequate light and air circulation.
To maintain the three moisture levels, the plastic trays were sprayed with distilled water and a weak nutrient solution regularly. The trays were sprayed every second day for the moist treatment, and every four and six days for the intermediate and dry conditions respectively. Each time, a 150 ml volume of distilled water was used. The weak nutrient solution was sprayed once a half month. The experiment was terminated when no additional seedling emergence was observed, lasting for a total of two months. We counted all seedlings at the end of the experiment.
Statistical analysis 2.5.1 Principal component analysis (PCA)
The data were summarized using a variables matrix taken to analyze the habitat of Dacrydium pierrei seedling-sapling, variables included altitude, slope, aspect and canopy density. Principal component analysis (PCA) was used to examine the variation in habitat among plots (CANOCO 5.0; software for Multivariate Analysis of Ecological Data). Due to the great variation of the variables and different measurement units, the correlation coefficient matrix is chosen to be used in the PCA process [41] .
Assuming the acquisition variables is
The principal components are calculated as follows:
(1) The sample covariance ij σ and sample correlation coefficient ij γ are calculated from the observed data that is ( )( )
in the formula, Thereby the covariance matrix V and the correlation matrix R are obtained: 
Gaussian mixture model (GMM)
In order to clarify the influence degree of important variables on seedling-saplings distribution, we discussed seedling sensitivity by Gauss mixture model (GMM) [42] , which can determine the significant response variables on the distribution of Dacrydium pierrei seedling-saplings.
A GMM is a combination of several individual Gaussian components: a 1-dimensional Gaussian mixture (Equation 1) can be represented in 2-dimensional space, and a 2-dimensional Gaussian mixture (Equation 2) can be represented in 3-dimensional Gaussian space [43] .
is the occurrence probability function of a 1-dimensional trait belonging to a specific seedling number, which is also known as a 1-dimensional Gaussian function; x is the independent variable (i.e., trait); and μ is the mean value of the trait sample for a specific seedling number. σ represents the standard deviation of the sample.
In Eq. 8, f(x,y) is the occurrence probability function of 2-dimensional traits belonging to a specific seedling number, also known as a 2-dimensional Gaussian function. x and y are independent variables (i.e., traits). μ 1 refers to the mean of the first trait dimension, and μ 2 refers to the mean of the second dimension. σ 1 and σ 2 are the standard deviations of the sampled traits. r 2 is the correlation coefficient between x and y.
A GMM can be expressed as in Eq. 9
is the Gaussian density of traits belonging to the C k class; Jc is the number of components; and w j represents the components' weights, such that w j > 0, and ∑w j = 1. f (θ, j) represents the j th Gaussian component.
Ethical approval:
The conducted research is not related to either human or animals use.
Result
Environmental variables and distribution of seedling
In order to eliminate the influence of dimension before calculation, the original data was standardized. Formula is:
( )
, S i is sample mean square error.
To identify important variables affecting the distribution of Dacrydium pierrei, we extracted the principal components (PC) by PCA. The results of principal component analysis can be obtained from principal component analyzed data, the total variance analysis 
Result of GMM methods
The intervals, mean etc. of the parameters estimated were listed in Table 3 . is shown in Table 1 . The cumulative contribution rate of the first 6 principal components is 82.52%. We selected the first 6 principal components that reflect the required assessment information. Get the eigenvector matrix of 6 principal components by squaring root of the eigenvalues of the 6 principal components, and then the eigenvector is multiplied with the normalized data to obtain the expression of 6 principal components: And then, performing the stepwise regression analysis with the data while taking the number of seedling distribution (ZY) as the dependent variable (standardized data). Taking F 1 -F 6 as an independent variable for multiple linear regression analysis ( Table 2 ).
The regression model can be established by the stepwise regression analysis of seedlings distribution and the main components: ZY=2.76F 1 -4.246F 3 +1.882F 5 We tested all of the models listed in Table 4 and compared the results. The results demonstrated that: in all models, the GMM trained by the L 3 -H 4 -A 5 -I 6 combination exhibited the highest accuracy (overall accuracy=74.74%; kappa coefficient =0.86); and the optimal number of trait was four, with this model showing higher accuracy than the 6-trait combinations. The A 1 -C 2 -L 3 -H 4 -A 5 -I 6 combination shows limited predictive ability when it is integrated into predict model. The C 2 -L 3 -H 4 -A 5 -I 6 combination exhibited similar accuracy (overall accuracy = 72.23%; kappa coefficient = 0.85) as that of L 3 -H 4 -A 5 -I 6 combination and could provide more parametric information about seedling distribution pattern. Therefore, the C 2 -L 3 -H 4 -A 5 -I 6 combination was applied in training the GMM for the analysis of traitenvironment relationships and the response of seedling distribution patterns to environment change, indicating that the trained GMM was sufficiently accurate for application in modeling seedling distributions of Dacrydium pierrei.
Sensitivity analysis
A changed air temperature shifts the seedling distribution boundaries. Seedling numbers exhibit an increasing trend with the increasing air temperature and illuminance, and then decreased as it increases. While, it was not significant in that of litter thickness, the canopy density have the opposite phenomenon in that changing, the seedling numbers are decreased with the canopy density increasing. There is a same regularity in herb coverage. With the increasing in altitude, there is not aorderliness in seedling number with increasing or decreasing.
Effect of soil moisture content on seedling establishment
Overall, accroding to laboratory experimen t(soil moisture was measured by gravimetric method) result, seeding emergence significantly differed (P < 0.05) among different The traits are A 1 (available potassium), C 2 (canopy density), L 3 (litter thickness), H 4 (soil moisture), A 5 (nitrate nitrogen), I 6 (illuminance).
moisture conditions of bare soil (Fig. 3) . In the dry and intermediate moisture conditions, the emergence rate was significantly lower (P < 0.05) than that in moist condition (Fig. 3) . 
Discussion
Environmental variables influencing seedling distribution
This study demonstrates that environmental variables have significant effects on the distribution of Dacrydium pierrei seedling. Similar studies have been conducted in other areas [44] [45] [46] [47] . Based on the method of PCA, we found that among six factors, canopy density and soil moisture are associated with the PC1, having important factors that impact the abundance and distribution of Dacrydium pierrei seedling-saplings, and they explained the most variation (43%) in the variables. Previous studies have demonstrated that canopy density and soil moisture have a strong influence on seedling-sapling distribution [48] [49] . The place with small canopy density has plenty of light, which is conducive to the improvement of soil temperature, while higher soil temperatures promote seeds germination and seedlings growth. Nitrate nitrogen and illuminance also have the same impaction. Claussen [48] researched on regeneration pattern of tropical rainforest species, and also confirmed that light and temperature had significant effects on seed germination and seedling growth. Ma et al. [49] found that in addition to salt, drought, high and low temperature, light intensity was too strong would affect the growth and development of plants, and ultimately threaten the growth and reproduction of plants. Gray et al. [50] suggested that gap size, within-gap position and canopy structure effects on conifer seedling establishment. Beckage et al. [51] also found that canopy gaps and shrub understories have a big impact on the tree seedling recruitment in southern Appalachian forests. Available potassium and litter thickness are, correlated with the PC2, the critical biotic variables affecting the distribution and abundance of Dacrydium pierrei seedlingsaplings. We also found that the input of litter significantly affected the growth of Dacrydium pierrei. Molofsky et al. [52] said the amount and distribution of leaf litter within a forest can influence patterns of plant establishment. Janišová et al. [53] found that tree-litter cover negatively affected in situ germination. Kisinyo [54] studied the effects of phosphate fertilizer on soil chemical properties (soil chemistry) and the growth of maize seedlings, the results indicated that available phosphorus promoted the growth of maize seedlings. In addition, previous studies have shown that microhabitat characteristics such as high temperature, high intensity light, low soil moisture and low soil nutrients could affected the seed germination, seedling growth and sapling establishment in the dry season [55] [56] .
In other words, the survival and growth of seedlingsaplings are more sensitive to environmental change. Our results show that altitudes ranging from 1140 to 1300 m can provide a suitable habitat for seedling establishment of Dacrydium pierrei. So, different tree species have a specific elevation growth range with forests that growing in high altitudes having fundamental ecological roles. Consequently, the spatial and temporal dynamics of forest natural regeneration are correlated [57] . For instance, altitude, age and competitive interactions modify the growth response to climate [58] affecting overall forest growth.
The seedling-sapling distribution of Dacrydium pierrei is topography-dependent. Slope and aspect significantly influenced the recruitment of Dacrydium pierrei seedlings-saplings. The slope was negatively correlated with Dacrydium pierrei seedling recruitment. Because the ability of slope to fix the seed weakens with slope increasing with a lower chance of rooting by seedlings on steeper slopes, the seedlings recruitment of Dacrydium pierrei decreased with slope increasing. The Dacrydium pierrei seedlings were mainly distributed on the ridge with almost no seedlings being distributed on other parts of the slope. Thus, the Dacrydium pierrei seedling-sapling recruitment has a specific slope position distribution.
Longitude and latitude significantly affect the survival and development of Dacrydium pierrei seedling-sapling in relation to changing solar radiation intensity from south to north and west to east. Longitude was positively correlated with Dacrydium pierrei seedling recruitment.
The recruitment of Dacrydium pierrei seedlings increased with solar radiation intensity from east to west increasing. Latitude was negatively correlated with the recruitment of Dacrydium pierrei seedlings. The recruitment of Dacrydium pierrei seedlings decreased with solar radiation intensity from south to north increasing.
GMMs application and sensitivity analysis
GMMs have been successfully accepted and applied for the prediction of seedling distribution of plants. In this study, we improved the prediction accuracy to 74% based on the optimal trait-environment model for Dacrydium pierrei seedlings. Among that model with A 1 -H 4 -A 5 has still low overall accuracy (53.62%) and kappa coefficient (81.16%) showing little improvement than before factors combination. The model with A 1 -C 2 -H 4 has the highest accuracy (71.85%) coefficient of that is 82.95% of the three trait models. For the four trait models, the model with L 3 -H 4 -A 5 -I 6 has the highest accuracy (74.74%) with the coefficient is 86.25%, which is also the most optimal trait-environment model of this study. While, the accuracy of A 1 -C 2 -L 3 -H 4 -A 5 -I 6 model is not the highest (68.43%) of all. We suggest that the spatial distribution of seedlings-sapling was positively correlated with soil temperature, litter thickness and available phosphorus, having a negative correlation with canopy density, available potassium and nitrate nitrogen. In a word, more effective trait-climate relationships should be developed in the future.
Effect of temperature and precipitation on seedling-sapling distribution
Soil temperature is the representative of comprehensive effect of air temperature and rainfall intensity on seedling [59] . Thus, soil moisture effects content on species distribution mirrors the influence of climate change on species distribution. Three different moisture conditions in the study area represent obvious climate change, which have a sharp impact on the distribution of species especially on seedling-sapling. The result shows that seedling emergence rate is low at dry moisture condition, and is becoming high with the increase of water in soil, and arrive at the highest in the most moist soil condition (Fig. 3) . This is the same as a study by Gong et al. [60] , who found that the higher the soil moisture, the higher the germination rate and germination energy of the seed in seed favorites humid conditions. We deduce that seedling emergence should having enough water sucked into the seeds and should have a suitable temperature environment. While the water content is controlled by precipitation. Previous studies have shown that site precipitation had an overall positive effect on seedling recruitment especially at intermediate precipitation levels, and seedling emergence and establishment have big difference with all temperature levels [61] . Benigno et al. [62] found that increasing soil water retention with native-sourced mulch improves seedling establishment in post mine mediterranean sandy soils. Given the above, our results provide evidence for the research hypothesis that soil moisture content have strong impact on seedling distribution.
Conclusions
The adaptability of seed germination and seedling establishment to the heterogeneous environment is pivotal for population succession and species propagation. The seedlings distribution was affected by biotic and abiotic factors. We suggest that the spatial distribution of seedlingssapling was mainly effected by soil temperature, litter thickness, available phosphorus, canopy density, available potassium and nitrate nitrogen. Besides, topographic characteristics have a relatively significant effect on the distribution of Dacrydium pierrei seedlings, such as longitude, latitude, slope and aspect. But these factors will not be the dominant factors of Dacrydium pierrei's natural regeneration, because it has the specified survival area. The Dacrydium pierrei seedlings had a specific range of survival. What's more, the C 2 -L 3 -H 4 -A 5 -I 6 combination was applied in training the GMM is sufficiently accurate for application in modeling seedling distributions of Dacrydium pierrei. The soil moisture and precipitation play an important and crucial role in seed germination, seedling establishment and distribution of seedlings-saplings. All of these discoveries provide a scientific basis for the further understanding of Dacrydium pierrei population maintenance mechanism, the relationship between regeneration dynamics and habitat, natural regeneration barrier and ecosystem restoration.
